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A system for minimizing misalignment notifications for a
TETS having an implantable blood pump, an external con-
troller having a power source and a processing circuitry, a
transmission coil in communication with the external con-
troller, a receiving coil configured for transcutaneous mduc-
tive communication with the transmission coil, and an
implantable controller in communication with the receiving
coll and the mmplantable blood pump. The implantable
controller having a power source configured to receive
power Ifrom the receiving coil. The processing circuitry may
be configured to: operate in a first mode where an alert 1s
generated when a power efliciency transfer between the
transmission coil and the receiving coil 1s below a first
predetermined threshold; and operate in a second mode
where the alert 1s only generated when the power remaining
in the power source for the implantable controller 1s below
a first predetermined power source threshold.
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METHOD FOR MINIMIZING
MISALIGNMENT NOTIFICATIONS FOR A
TRANSCUTANEOUS ENERGY TRANSFER

SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATION

n/a

FIELD

The present technology 1s generally related to an alert
system for an implantable transcutaneous energy transier

system (TETS).

BACKGROUND

Transcutaneous energy transier systems (“TETS”) have
been developed to power implantable medical devices
including heart pumps such as left ventricular assist devices.
A TETS may be used to supplement, replace, or charge an
implanted power source, such as a rechargeable battery. The
TETS can provide a variety of different implantable medical
devices with continuous power delivery and/or supplemen-
tal power delivery.

Use of a TETS can eliminate the need to pass a power lead
through the skin and does not require the physical power
lead to chronically transverse across tissue physically con-
necting to the implant which 1s attached to the apex of the
heart. This can significantly reduce the risk of infection to
the patient and eliminate the discomiort from skin punctures
which has been an ongoing issue for patients with percuta-
neous 1mplantable medical devices.

The coupling between the external and internal coils from
the TETS may vary according to the patient’s physical
orientation, activity, and posture which can 1n turn impact
the delivery of power to the implanted medical device.
Additionally, other power delivery wvanations to the
implanted medical device may arise from changes in the
circuit parameters, loading conditions, as well as other
changes that may occur which can impact power delivery 1n
the TETS. In order for the implanted medical device to
continue functioning properly, the power delivery in the
TETS must remain at a specific level to provide enough
power to the implanted medical device so the life-saving
function continues. When, for example, the TETS 1nternal
coll and external coil are out of alignment, the power
transier may be significantly reduced or can cease altogether.
This can make 1t diflicult or impossible to recharge an
implantable battery. Additionally, the implanted medical
device could cease functioning or the implanted medical
device may not have adequate power to properly function.

A patient must be aware of factors that can impact the
ability of the TETS to function sately and to provide a
suilicient amount of energy to the implantable medical
device. For example, a patient may want to know how well
aligned the coils are as well as the subsequent efliciency of
the energy transier in the TETS. The regular movement of
a patient can alter the position of the external coil and/or the
internal coil so that the required or desired transier of power
does not take place.

Alerts may be provided i there 1s a misalignment of
certain components within the TETS which may impact the
power availability to ensure continuous power availability to
the TETS. Also, when the external and internal coils are not
in proper alignment, this may cause the coupling coethicient
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of the power transier to be reduced and can result in the
heating of the internal and/or external coils. The TETS may

provide patient alerts to indicate 11 there 1s, for example, a
misalignment and/or heating of the coils. However, these
types of alerts can occur with a great degree of frequency
based upon the movement, positioning, and repositioning of
a patient which 1 turn can impact how energy 1s being
transierred between the TETS and the implantable medical
device. Constant alerts can be bothersome and can prevent
a patient getting an appropriate amount of sleep/rest, can
cause sleep deprivation, and can also be bothersome and
embarrassing 1n various social situations where alerts are
being triggered and providing interruptions. A patient may
also become 1immune to the alerts 1f too many are generated
and not pay attention to an alert which indicates that prompt
attention 1s required.

SUMMARY

The techniques of this disclosure generally relate to an
alert system for an implantable transcutaneous energy trans-
ter system (TETS).

The present invention advantageously provides for a
system for minimizing misalignment notifications for a
transcutaneous energy transfer system (“TETS”), compris-
ing: an implantable blood pump; an external controller
having a power source and a processing circuitry; a trans-
mission coil 1n communication with the external controller;
a receiwving coil configured for transcutancous inductive
communication with the transmission coil; and an 1mplant-
able controller in communication with the receiving coil and
the implantable blood pump. The implantable controller has
a power source configured to receive power from the receiv-
ing coil and the processing circuitry 1s configured to: operate
in a first mode where an alert 1s generated when a power
clliciency transfer between the transmission coil and the
receiving coil 1s below a first predetermined threshold; and
operate 1n a second mode where the alert 1s only generated
when the power remaining in the power source for the
implantable controller 1s below a first predetermined power
source threshold.

In another aspect of this embodiment, the alert 1s gener-
ated 1n the first mode after a first predetermined period of
time after the power efliciency transier between the trans-
mission coil and the receiving coil 1s below the first prede-
termined threshold.

In another aspect of this embodiment, the alert 1s gener-
ated 1n the first mode between 2-5 minutes after the power
clliciency transfer between the transmission coil and the
receiving coil drop below a first predetermined threshold.

In another aspect of this embodiment, the alert 1s gener-
ated 1n the second mode after a second predetermined period
of time after the first predetermined power source threshold
1s reached.

In another aspect of this embodiment, the alert 1s gener-
ated 1n the second mode less than 30 seconds after the first
predetermined power source threshold 1s reached.

In another aspect of this embodiment, the second mode 1s
configured to inhibit at least the alert of the first mode and
the first mode 1s configured to 1nhibit the alert of the second
mode.

In another aspect of this embodiment, the external con-
troller further includes a display.

In another aspect of this embodiment, the display includes
at least one of the group consisting of the first mode
associated with the alert and the second mode associated
with the alert.
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In another aspect of this embodiment, at least one of the
group consisting of the alert appears on the display when the
first predetermined threshold 1s met and the alert appears on
the display when the first predetermined power source
threshold 1s met.

In another embodiment, the disclosure provides a method
for mimmimizing misalignment nofifications for a TETS,
including a TETS, with an implantable blood pump, an
external controller having a power source and a processing
circuitry, a transmission coil 1n communication with the
external controller, a recerving coil configured for transcu-
taneous inductive communication with the transmission coil,
and, an 1implantable controller in communication with the
receiving coil and the implantable blood pump. The implant-
able controller having a power source configured to receive
power Ifrom the receiving coil. The method comprising;:
operating 1n a first mode where an alert 1s generated when a
power elliciency transfer between the transmission coil and
the receiving coil 1s below a first predetermined threshold;
and operating 1 a second mode where the alert 1s only
generated when the power remaining 1n the power source for
the 1implantable controller 1s below a first predetermined
power source threshold.

In another aspect of this embodiment, the alert in the first
mode 1s generated after a first predetermined period of time
alter the power efliciency transier between the transmission
coil and the receiving coil 1s below the first predetermined
threshold.

In another aspect of this embodiment, the first alert 1s
generated between 2-5 minutes after the power efliciency
transier between the transmission coil and the receiving coil
drop below a first predetermined threshold.

In another aspect of this embodiment, the alert 1s gener-
ated 1n the second mode after a second predetermined period
of time after the first predetermined power source threshold
1s reached.

In another aspect of this embodiment, the alert 1s gener-
ated 1n the second mode less than 30 seconds after the first
predetermined power source threshold 1s reached.

In another aspect of this embodiment, the alert 1n the first
mode 1s disabled when the external control 1s configured to
operate 1n the second mode.

In another aspect of this embodiment, the external con-
troller further includes a display.

In another aspect of this embodiment, the display includes
at least one ol the group consisting of the first mode
associated with the alert and the second mode associated
with the alert.

In another aspect of this embodiment, at least one of the
group consisting of the alert appears on the display when the
first predetermined threshold 1s met and the alert appears on
the display when the first predetermined power source
threshold 1s met.

In another aspect of this embodiment, the processing
circuitry 1s configured to operate in the first mode for a
predetermined period of time and the processing circuitry 1s
configured to operate in the second mode for a different
predetermined period of time.

In another embodiment, a method for minimizing mis-
alignment notifications for a TETS, including a TETS, with
an 1mplantable blood pump, an external controller having a
power source and a processing circuitry, a transmission coil
in communication with the external controller, a receiving
coil configured for transcutaneous inductive communication
with the transmission coil, and, an implantable controller in
communication with the receiving coil and the implantable
blood pump, and the implantable controller having a power
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source configured to receive power from the receiving coil.
The method comprises: operating 1n a first mode where an
alert 1s generated after a first predetermined period of time
when a power etliciency transfer between the transmission
coil and the receiving coil i1s below a first predetermined
threshold; disabling the alert that 1s generated after a first
predetermined period of time when a power efliciency
transier between the transmission coil and the receiving coil
1s below a first predetermined threshold 1n a second mode;
and generating the alert 1in the second mode after a second
predetermined period of time when the power remaining in
the power source for the implantable controller 1s below a
first predetermined power source threshold.

The details of one or more aspects of the disclosure are set
forth 1n the accompanying drawings and the description
below. Other features, objects, and advantages of the tech-
niques described 1n this disclosure will be apparent from the
description and drawings, and {from the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present invention,
and the attendant advantages and features thereof, will be
more readily understood by reference to the following
detailed description when considered in conjunction with the
accompanying drawings wherein:

FIG. 1 1s a 1s a front inside of the body view of a patient
with a left ventricular assist device, receirving coil, and
controller, fully implanted within the patient;

FIG. 2 1s a front outside of the body view of the patient
shown 1 FIG. 1 showing a battery and transmission coil
coupled to the patient;

FIG. 3 1s a front view of the receiving coil and controller
shown 1n FIG. 1; and

FIG. 4 1s a view of operating conditions associated with
the display with corresponding alerts.

DETAILED DESCRIPTION

It should be understood that various aspects disclosed
herein may be combined in different combinations other
than the combinations specifically presented 1n the descrip-
tion and accompanying drawings. It should also be under-
stood that, depending on the example, certain acts or events
of any of the processes or methods described herein may be
performed 1n a diflerent sequence, may be added, merged, or
lett out altogether (e.g., all described acts or events may not
be necessary to carry out the techniques). In addition, while
certain aspects of this disclosure are described as being
performed by a single module or unit for purposes of clarity,
it should be understood that the techniques of this disclosure
may be performed by a combination of units or modules
associated with, for example, a medical device.

In one or more examples, the described techniques may be
implemented in hardware, software, firmware, or any com-
bination thereof. If implemented 1n software, the functions
may be stored as one or more instructions or code on a
computer-readable medium and executed by a hardware-
based processing unit. Computer-readable media may
include non-transitory computer-readable media, which cor-
responds to a tangible medium such as data storage media
(e.g., RAM, ROM, EEPROM, flash memory, or any other
medium that can be used to store desired program code in
the form of instructions or data structures and that can be
accessed by a computer).

Instructions may be executed by one or more processors,
such as one or more digital signal processors (DSPs),
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general purpose microprocessors, application specific inte-
grated circuits (ASICs), field programmable logic arrays
(FPGAs), or other equivalent integrated or discrete logic
circuitry. Accordingly, the term “processor” as used herein
may refer to any of the foregoing structure or any other
physical structure suitable for implementation of the
described techniques. Also, the techniques could be fully
implemented 1n one or more circuits or logic elements.

Referring now to the drawings in which like reference
designators refer to like elements there 1s shown 1n FIGS. 1
and 2 an exemplary transcutaneous energy transier system
(“TETS”) constructed in accordance with the principles of
the present application and designated generally as “10.”
The TETS 10 may be fully implantable within a patient,
whether human or animal, which 1s to say there are no
percutaneous connections between the implanted compo-
nents of the TETS 10 and the components outside of the
body of the patient. In the configuration shown 1n FIG. 1, the
TETS 10 includes an internal controller 12 implanted within
the body of the patient. The internal controller 12 may
include a power source 13 configured to power the compo-
nents of the controller and provide power to one or more
implantable medical devices, for example, an 1implantable
blood pump such as a ventricular assist device (“VAD™) 14
implanted within the left ventricle of the patient’s heart. The
power source 13 may include a variety of different types of
power sources including an implantable battery. VADs 14
may include centrifugal pumps, axial pumps, or other kinds
clectromagnetic pumps configured to pump blood from the
heart to blood vessels to circulate around the body. One such
centrifugal pump 1s the HVAD sold by HeartWare, Inc. and
1s shown and described in U.S. Pat. No. 7,997,854, the
entirety of which 1s incorporated by reference. One such
axial pump 1s shown and described in U.S. Pat. No. 8,419,
609, the entirety of which 1s imncorporated herein by refer-
ence. In an exemplary configuration, the VAD 14 1s electr-
cally coupled to the internal controller 12 by one or more
implanted conductors 16 configured to provide power to the
VAD 14, relay one or more measured feedback signals from
the VAD 14, and/or provide operating instructions to the
VAD 14.

Continuing to refer to FIG. 1, a rece1ving coil 18 may also
be coupled to the internal controller 12 by, for example, one
or more 1implanted conductors 20. In an exemplary configu-
ration, the receiving coil 18 may be implanted subcutane-
ously proximate the thoracic cavity, although any subcuta-
neous position may be utilized for implanting the receiving,
coil 18. The receiving coil 18 1s configured to be inductively
powered through the patient’s skin by a transmission coil 22
(seen 1n FIG. 2) disposed opposite the recerving coil 18 on
the outside/exterior of the patient’s body. For example, as
shown 1n FIG. 2, a transmission coil 22 may be coupled to
an external controller 23 having a power source 24, for
example, a portable battery carried by the patient. In one
configuration, the battery 1s configured to generate a radiot-
requency signal for transmission of energy from the trans-
mission coil 22 to the receiving coil 18. The receiving coil
18 may be configured for transcutaneous inductive commu-
nication with the transmission coil 22.

The external controller 23 may further include a display
26 configured to provide information to the patient in one or
more ways including audibly, visually and/or tacitly. Addi-
tionally, the external controller 23 may further include
processing circuitry 27 which can process and transmit
information. The processing circuitry 27 may perform vari-
ous simple and complex operations including, but not lim-
ited to, the amplification of signals, computations, and the
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movement of data from one place to another. The various
simple and complex operations that may be performed by
the processing circuitry 27 in the external controller 23 1s
discussed 1n more detail below with reference to FIG. 4. The
processing circuitry 27 may include one or more processors
and memory. The external controller 23 may further com-
prise soltware, which 1s stored 1n, for example, memory at
the external controller 23, or stored i1n external memory
(e.g., database, storage array, network storage device, etc.)
accessible by the external controller 23. The software may
be executable by the processing circuitry 27. The software
may 1nclude a client application operable to provide a
service to a human or non-human user via the external
controller 23, with the support of a host computer.

Retferring back to FIG. 2, the transmission coil 22 1s
optionally housed within sealed packaging 28 to protect the
transmission coil 22 and 1s optionally attached to a sling 30
around the patient’s torso to maintain the transmission coil
22 1n a fixed position for power transmission to the receiving
coill 18. Although the sling 30 1s shown i FIG. 2, any
fixation device may be utilized to either adhere or otherwise
allix the transmission coil 22 to the skin of the patient.

Referring now to FIGS. 1 and 3, the receiving coil 18 may
include at least one conductor 32 defimng a coil 34 and
configured to power the VAD 14. The receiving coil 18 may
be any shape or size and, for example, 1n one configuration,
the receiving coil 18 may define a substantially planar coil
defining a diameter such that 1s substantially co-planer with
an interior surface of the dermis. The receiving coil 18 may
be coupled with the internal controller 12 with a first end 36
being electrically coupled to a first coupling 38 of the
internal controller 12 and a second end 40 being coupled to
a second coupling 42 of the internal controller 12 such that
a voltage may be applied to the coil 18. Alternatively, the
receiving coil 18 may be coupled with the internal controller
12 using joints or any other configuration.

Referring now to FIG. 4, the external controller 23 may
generate a variety of different indicators, including alerts,
which may be shown on the display 26. The display 26 may
show a variety of different visual, audible, and/or tactile
indicators and/or alerts. These indicators and/or alerts may
be 1n colors including red, vellow, orange, blue, purple, pink
and green on the display 26. Alternatively and/or addition-
ally, the visual indicator may be a written alert to provide
information to the patient about how the TETS 1s function-
ing and/or any required actions to keep the TETS function-
ing. Different alerts and/or indicators may appear together,
such as a visual and audible alert, or diferent alerts and/or
indicators may be triggered at different times. For example,
a visual alert may be displayed and then after a period of
time an audible alert may be heard. Alternatively, a visual
alert may be displayed at the same time as an audible alert.
The indicator may also be audible and loud enough so that
an individual could hear the alert during the day in a noisy
situation or could wake someone that 1s sleeping. When and
how 1indicators appear may be preset or selected. For
example, 11 user 1s going mnto a social situation where
audible alerts may be disruptive, the visual indicator may
appear on the display 26 for a period of time before an
audible alert 1s heard.

Continuing to refer to FIG. 4, the indicators that are
shown on the display may be based upon the particular mode
that the external controller 23 is operating 1n. For example,
the external controller 23 may in one mode generate a
specific or particular indicator which 1s then communicated
to the display 26 and shown on the display 26 as an alert.
Alternatively, 1f the external controller 23 i1s operating 1n a
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different mode, the indicators or alerts may be inhibited and
not communicated to the display 26 and/or shown on the
display 26. The external controller 23 may operate 1n an
unlimited number of different modes and each mode may
configured based upon the implantable medical device that
1s being used as well as the requirements for the individual
patient using the implantable medical device. How and
when alerts and/or indicators are generated may be based
upon the mode that the external controller 23 1s configured
in at any given time and/or the setting of the external
controller 23. For example, a clinician, a patient, or another
individual could set the mode that the external controller 23
1s going to operate i for a particular period of time. A
clinician, patient, or another individual could also disable a
mode and/or change the mode at any time. The designation
ol the particular mode may be based on a patient’s sleep and
wake cycle, such that a first mode 44 may be activated while
the patient 1s awake and a second mode 46 may be activated
while the patient 1s asleep. As a non-limiting example, the
first mode 44 may be set for a specific period of time and the
second mode 46 may be set for a particular period of time
which may be a different than or the same as the period of
time 1n the first mode 44. This timing may correspond to the
sleep and wake cycles of the patient. Alternatively, the TETS
10 may include sensors that can provide information about
the position, posture, heart rate, and/or activity level of an
individual using the TETS 10 and the information from the
sensors may be used to determine 1f an individual 1s asleep
or awake based upon preset parameters. These parameters
may be based upon the habits and routines of the individual
using the TETS 10 or the parameters may be generally
programmed into the processing circuitry 27. For example,
the mternal controller 12 may be able to detect a patient’s
sleep and wake cycles based upon heart rate and an accel-
crometer signal. The TETS 10 may also include a button,
knob, and/or switch that may be depressed or moved to
change from one mode to another mode. When it 1s deter-
mined that a patient 1s awake, the first mode 44 may be
activated and when 1t 1s determined that the patient 1s asleep
the second mode 46 may be activated.

Continuing to refer to FIG. 4, when a patient 1s awake, the
external controller 23 may be configured to operate 1n the
first mode 44. The first mode 44 may be more sensitive to
potential 1ssues with the TETS 10 related to, for example,
coill alignment, coil temperature, tlow rates, and energy
transier between the coils and provide more frequent noti-
fications and/or information to the patient about any 1ssues
related to the TETS 10. In the first mode 44, an alert 48 may
be generated 1n situations including the following: when the
power elliciency transier between the transmission coil 22
and the recerving coil 18 drops below a certain level; when
the temperature of the transmission coil 22 rises above a
particular temperature; or when the iternal controller 12
power demand rises above a particular level. A variety of
different values for each situation may programmed 1nto the
external controller 23 and the system may generate the alert
48 based upon preset parameters. The external controller 23
may continuously and/or at preset intervals monitor the
conditions of the TETS 10 and save this information so that
it can later be accessed. For example, a medical provider can
view the stored information to see how the TETS 10 1s
performing over a particular period of time to help identify
any problems or issues that may arise for the particular user.

Continuing to refer to FI1G. 4, the timing and frequency of
when the alert 48 1s generated may be based upon the mode
that the external controller 23 1s operating 1n. The first mode
44 may be enabled or activated when the patient 1s awake.
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In the ﬁrst mode 44, the alert 48 may be generated when a
power e 1c1ency transier between the transmission coil 22
and the recerving coil 18 falls below a specified level. As
shown 1n FIG. 4, the alert 48 may appear on the display 26
alter there has been suboptimal alignment of the transmis-
sion coil 22 and the receiving coil 18 for a period of time.
This period of time may be for a few minutes, for example
between two (2) to five (5) minutes, after the power efli-
ciency transfer between the transmission coil 22 and the
receiving coil 18 has been below a specified level. Having
a few minute delay before an alert 48 1s generated may allow
the transmission coil 22 and the recerving coil 18 to tran-
siently align and realign without an alert 48 being triggered.
This suboptimal alignment may cause the power efliciency
transier between the transmission coil 22 and the receiving
coll 18 to fall below a particular level, which may be
identified as a first predetermined threshold 50. The time
period where the external controller 23 has been recognizing
the suboptimal alignment before an alert 48 1s generated
may be identified as a first predetermined period of time 62.
In the non-limiting example, the time period may be
between two (2) and five (5) minutes. The settings of what
defines the first predetermined threshold 50 and the first
predetermined period of time 62 1n the external controller 23
may be based upon the implantable device as well as the
patient’s needs and requirements. In this non-limiting
example, the suboptimal alignment of the coils may not
require an urgent and/or immediate response by the user,
operator, clinician, or other person monitoring or wearing
the implantable medical device. The alert 48 may indicate
that an 1mmediate response 1s not required and provide the
user with information on the display 26, stating, :or
example, “suboptimal alignment” or that the “power eili-
ciency transier 1s suboptimal” or by using some other visual
or graphic suggestion indicating that there 1s partial mis-
alignment. If the power efliciency transfer between the
transmission coil 22 and the recerving coil 18 improves and
the first predetermined threshold 50 1s no longer met, the
alert 48 on the display 26 may, for example, state that
“Reconnection has Occurred” or that “Power Eifliciency
Transfer 1s Optimal” to indicate that the issue has been
resolved and no longer requires the attention of the user. The
information on the display 26 may appear at the same time
that an audible alert may be heard, before an audible alert,
or after an audible alert. Alternatively, the alert 48 may be
turned off on the display 26 once the 1ssue has resolved.
Continuing to refer to FIG. 4, the alert 48 may also be
generated when there 1s a complete misalignment of the
transmission coil 22 and the receiving coil 18 for a specified
period of time which may be 1dentified as a second prede-
termined threshold 54. As a non-limiting example, the
second predetermined threshold 54 may be thirty (30) sec-
onds after the external controller 23 recognizes that there has
been a complete misalignment of the coils. For example, the
alert 48 may be generated when there 1s complete misalign-
ment of the transmission coil 22 and the receiving coil 18 for
thirty (30) seconds or more as little or no energy may be
being transierred between the coils 18 and 22. This complete
misalignment may require an urgent and/or immediate
response by the user, operator, clinician, or other person
monitoring the patient. The urgency may depend upon the
status of the power source 13 at the time of the complete
misalignment and whether there 1s a significant capacity of
the power source 13 remaining. If the power source 13 has
significant capacity remaining, than the urgency may be less
than 1f there 1s some capacity remaining in the power source
13 and the alert 48 may be generated based upon this
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urgency. The alert 48 may include information on the display
26 mdicating that an immediate response 1s required, for
example, the display 26 may say “complete misalignment™
or “power efliciency transfer not occurring.” Another visual
and/or graphic indicator may also be generated as part of the
alert 48. I the power efliciency transier between the trans-
mission coil 22 and the receiving coil 18 improves and the
second predetermined threshold 352 1s no longer met, the
alert 48 on the display 26 may say that “Reconnection has
Occurred” or that “Power Elliciency Transfer 1s Optimal™ to
indicate that the 1ssue has been resolved, or the alert 48 may
be turned ofl.

Continuing to refer to situations in which the patient 1s
awake and the external controller 23 1s operating in the first
mode 44, other examples (not shown) of when the alert 48
may be triggered include the generation of an alert 48 after
the transmission coil 22 has reached a particular temperature
for a specified period of time. For example, after the
transmission coil 22 has reached a particular temperature,
identified by the external controller 23 as a first predeter-
mined transmission coil temperature 54, for between two (2)
and five (5) minutes, i1dentified as the first predetermined
period of time 62, the alert 48 may be generated. The setting,
in the external controller 23 of what 1s the first predeter-
mined transmission coil temperature 54 and the first prede-
termined period of time 62 may be set to any set of
parameters. In the first mode 44, the first predetermined
transmission coil temperature 54 may be set based upon the
optimization of thermal comfort and based upon normal use
of the TETS 10. The alert 48 may not require an urgent
and/or immediate response. If a notification on the display
26 1s provided 1t may indicate that there 1s “excess heating”
or that the “the heating level of coils 1s suboptimal.” It the
condition 1s resolved and the transmission coil temperature
cools down, the alert 48 on the display may state, for
example, “Temperature Adequate” or “Coil Temperature
Optimal” to 1indicate the resolution of the 1ssue, or the alert
48 may be turned ofl.

Continuing to refer to situations in which the patient 1s
awake and the external controller 23 1s operating in the first
mode 44, the alert 48 may also be generated after a shorter
specified time than what 1s 1dentified as the first predeter-
mined period of time 62 after the temperature of the trans-
mission coil 22 rises above a higher temperature than what
1s 1dentified as the first predetermined transmission coil
temperature 34. For example, the alert 48 may be generated
alter the temperature of the transmission coil 22 rises above
a certain preset temperature, identified as a second prede-
termined transmission coil temperature, for thirty (30) sec-
onds, 1dentified as the second predetermined period of time
64. In this particular example, the second predetermined
transmission coil temperature 56 may require an urgent
and/or immediate response by the user, operator, clinician,
or other person monitoring or wearing the implantable
medical device so that the TETS 10 can continue to operate.
The display 26 may indicate, for example, that there 1is
“Overheating,” “Attention Required, Overheating” or “Too
Hot.” If the temperature of the transmission coil 22 falls
below the second predetermined transmission coil tempera-
ture 56, the alert 48 may 1ndicate that, for example, “Tem-
perature Adequate” or that “Coil Temperature Optimal” to
demonstrate that the 1ssue has been resolved and no longer
requires the attention of the user, or the alert 48 may be
turned off.

Continuing to refer to situations in which the patient 1s
awake and the external controller 23 1s operating 1n the first
mode 44, the alert 48 may also be generated once the power
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demand of the internal controller rises above a certain level
for a specified period of time As a non-limiting example, the
power demand may rise to a certain level, identified as a first
predetermined internal controller power demand 58, for
between two (2) and five (5) minutes, identified as the first
predetermined period of time 62. When the alert 48 1s
triggered, 1t may not require an immediate response and any
notification on the display 26 may indicate, for example, that
“excess power demand by internal controller” or “the power
demand 1s suboptimal.” If the 1ssues resolves and the power
demand falls below a certain specified level, the alert 48 on
the display 26 may indicate “Power Demand Optimal” to
demonstrate that the 1ssue has been resolved and no longer
requires the attention of the user, or the alert 48 may be
turned off.

Continuing to refer to situations in which the patient 1s
awake and the external controller 23 1s operating 1n the first
mode 44, the alert may also be generated after a shorter
specified time than what 1s 1dentified as the first predeter-
mined period of time 62 after the power demand of the
internal controller 12 rises to a higher level than what 1s
identified as the first predetermined internal controller power
demand 58. For example, the power demand may rise to a
level that 1s higher than what was 1dentified as the first
predetermined internal controller power demand 58, 1denti-
fied as a second predetermined internal controller power
demand 60, for thirty (30) second or more, identified as the
second predetermined period of time 64. This higher power
demand may require an urgent and/or immediate response
by the user, operator, clinician, or other person monitoring
the 1mplantable medical device. Any nofification on the
display 26 may state, for example, “Power Demand Issue,”
“Attention Required, Power Demand Issue” or “Immediate
Attention.” If the power demand falls back to a level that
does not require any attention, the alert 48 may change and
say, for example, “Power Demand Optimal” to demonstrate
that the 1ssue has been resolved and no longer requires the
attention of the user.

Continuing to refer to FIG. 4, the second mode 46 may be
set to limit the number of interruptions received by the
patient so that a patient can sleep, relax, or limit iterrup-
tions. For example, 1n a social situation, 1t may be desirable
to have limited alerts 48 and interruptions. A patient or
clinician may change the setting from the first mode 44 to
the second mode 46 manually at any time, the modes may
be preset to change at a particular time of the day like when
the patient usually goes to sleep and remain 1n the second
mode 46 for a set period of time thereafter, or the TETS 10
may be configured to detect when the patient 1s asleep or
resting and change to the second mode 46. For example, a
preset time may be if a patient normally goes to bed at 10:00
p.m., the second mode 46 may be set at this time and the
system may remain in the second mode 46 until 6:00 a.m.
Then, at 6:00 a.m., the second mode 46 may be deactivated
and the first mode 44 may be activated so that the patient
may receive more alerts 48 throughout the day and/or the
system may generally be more sensitive/responsive to noti-
tying the patient about misalignment conditions as well as
other conditions. This timing may be preset, depending upon
the schedule of the patient and when the patient would like
to be 1n the first mode 44 or the second mode 46. Alerts 48
which may be activated i the first mode 44 may be
deactivated 1n the second mode 46 so that the patient can rest
and sleep or engage 1n another activity where the patient
would like to minimize alerts 48 such as 1n a theatre, during
a meeting, or in another setting. In general, 1t the patient
operates 1n the second mode 46, the patient will not receive
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as many notifications and/or alerts 48 concerning the TETS
10. For example, the alerts 48 1n the second mode 46 may
only be triggered when 1t 1s necessary for safety reasons to
take prompt action or attention by the patient and/or care-
giver to keep the TETS 10 functioning safely and properly.
In the second mode 46, certain parameters may be set 1n the
external controller 23 such that the alert 48 may be triggered
when certain conditions are met. For example, the recon-
nection alerts 48 may be inhibited in the second mode 46.

Continuing to refer to FIG. 4, the alert 48 may be inhibited
when urgent attention 1s not required for the TETS 10 to
continue to function. For example, the alert 48 may not be
triggered when there 1s suboptimal alignment of the coils
and a significant amount of power 1s remaining in the power
source 13, or when the transmission coil 22 reaches a
particular temperature, or when the internal controller’s 12
power demand reaches a particular level. In the second mode
46, alignment related alarms 48 may be inhibited. However,
when a user’s more urgent attention 1s required based upon
a particular preset parameter/condition, the alert 48 may be
generated.

Continuing to refer to FIG. 4, in an exemplary embodi-
ment, 1n the second mode 46, the alert 48 may be generated
when the power remaining in the power source 13 in the
implantable controller 12 continues to drain due to subop-
timal and/or complete misalignment between the transmis-
sion coil 22 and the receiving coil 18 and causes the power
remaining in the power source 13 to fall below a first
predetermined power source threshold 67. The first prede-
termined power source threshold 67 may be set to a variety
of different parameters which may indicate that the power
remaining in the power source 13 1s low and that there 1s
some misalignment between the transmission coil 22 and the
receiving coil 18. When the power level of the power source
13 is continually being drained over a period of time, there
may only be a certain amount of energy in reserve in the
power source 13 and the reserve may only be able to power
the power source 13 for a certain period of time, 1dentified
as a third predetermined period of time 66. For example, the
alert 48 may be activated when there 1s suboptimal and/or
complete misalignment between the transmission coil 22
and the receiving coil 18 which drains the power 1n the
power source 13 and once the power source 13 reserve only
has thirty (30) minutes remaining. In alternate embodiments,
in the second mode 46, the alert 48 be generated after the
power elliciency transier between the transmission coil 22
and the receiving coil 18 falls below a particular level, which
may be identified as the first predetermined threshold 30
and/or the second predetermined threshold 54. Also, the alert
48 in the second mode 46 may be triggered after {first
predetermined threshold 50 and/or second predetermined
threshold 52 have been met for either the first predetermined
period of time 62 and/or the second predetermined period of
time 64. In another embodiment, the alert 48 may be
triggered when only thirty (30) minutes of power remains in
the reserve of the power source 13 and this may be related
and/or unrelated to any misalignment of the transmission
coil 22 and the receiving coil 18. Additionally, other com-
binations of preset parameters may be used to trigger an alert
48 1n the second mode 46 when more urgent attention 1s
required. Since the triggering of the alert 48 1n the second
mode 46 may require a more urgent and/or immediate
response, any notification on the display 26 may indicate
that an 1mmediate response 1s required like “30 minute
warning’ and/or “power efliciency transier not occurring.”
If the power efliciency transfer between the transmission
coil 22 and the receiving coil 18 rises above a particular
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level and/or the preset parameter that triggered the alert 48
1s resolved, the alert 48 may be deactivated.

Although not shown, 1n the second mode 46, the alert 48
may also be generated after a specified transmission coil 22
temperature 1s met or after the power demand of the internal
controller 12 rises above a particular level which requires
more urgent attention. In the second mode 46, the specified
transmission coil 22 temperature may be higher than the first
predetermined transmission coil temperature 34 and/or the
second predetermined transmission coil temperature 56 such
that 1n the second mode 46 there will be less alerts 48 or
notifications. Any notification on the display 26 may indi-
cate that an immediate response 1s required and state, for
example, “Overheating,” “Attention Required, Overheat-
ing” or “Too Hot.” Once the 1ssue 1s resolved, the alert 48
may be deactivated. In the second mode 46, while alerts 48
may be less frequent than 1n the first mode 44, the current
alignment status of the coils may still be displayed on the
power transmitter and the logging of data may still continue.
While the example in FIG. 4 only shows the alert 48 being
triggered 1n relation to certain pre-set conditions, any num-
ber of different alerts can occur at different times depending
upon the parameters set in the external controller 23. In the
second mode 46, the alert 48 for the misalignment may be
inhibited, as long as no other alert 48 conditions are present.

In both the second mode 46 and the first mode 44, it the

TETS 10 experiences a non-transient loss of Bluetooth
communication or the loss of another type of short-range
wireless communication between the internal controller 12
and the external controller 23, an alert 48 may be generated
to indicate this loss of connectivity. This alert 48 may be
generated after a preset or predetermined period of time after
the loss of connectivity or the alert 48 may be generated
immediately after the loss of connectivity 1s detected. The
preset or predetermined period of time may be the same 1n
both the first mode 44 and the second mode 46 or different
in the first mode 44 and the second mode 46. This period of
time may be short to alert the user so that the connectivity
can be reestablished and alerts 48 can be provided. Alerts 48
which may be generated after this loss of short-range

wireless communication, may come from the internal com-
ponents of the TETS 10 because of the loss of connectivity.

Continuing to refer to FIG. 4, the external controller 23
may also operate 1n a third mode 68 (not shown). The third
mode 68 may be where the user 1s operating off the power
source 13 1n the controller 12 and no power i1s being
delivered from the power source 24 in the external controller
23. For example, the patient may not be wearing any TETS
10 charging equipment and may only be using the power
source 13 1n the internal controller 12. Certain preset param-
cters may be set 1n the third mode 68 such as a predeter-
mined internal controller 12 power demand which may
trigger an alert 48. In the third mode 68, there may be no
alerts 48 for alignment 1ssues as the patient may not be using
the transmission coil 22. The TETS 10 may be configured to
operate 1n a number of different modes.

It will be appreciated by persons skilled 1n the art that the
present invention 1s not limited to what has been particularly
shown and described herein above. In addition, unless
mention was made above to the contrary, i1t should be noted
that all of the accompanying drawings are not to scale. A
variety of modifications and variations are possible 1n light
of the above teachings without departing from the scope and
spirit of the invention, which 1s limited only by the following
claims.
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What 1s claimed 1s:

1. A system for minimizing misalignment notifications for
a transcutaneous energy transier system (“TETS”), compris-
ng:

an 1mplantable blood pump;

an external controller having a power source and a

processing circuitry;

a transmission coil 1 communication with the external

controller:

a recerving coil configured for transcutaneous inductive

communication with the transmission coil; and

an 1mplantable controller 11 communication with the

receiving coil and the implantable blood pump, the
implantable controller having a power source config-
ured to receive power from the receiving coil,

the processing circuitry being configured to:

operate 1n a lirst mode where a first mode alert 1s

generated when a power efliciency transfer between the
transmission coil and the receiving coil 1s below a first
predetermined threshold; and

operate 1 a second mode where a second mode alert 1s

generated when the power remaining in the power
source for the implantable controller 1s below a first
predetermined power source threshold, wherein the
second mode 1s configured to 1nhibit at least the first
mode alert of the first mode and the first mode 1s
configured to inhibit the second mode alert of the
second mode.

2. The system of claim 1, wherein the first mode alert 1s
generated 1n the first mode after a first predetermined period
of time after the power efliciency transfer between the
transmission coil and the receiving coil 1s below the first
predetermined threshold.

3. The system of claim 2, wherein the first mode alert 1s
generated 1n the first mode between 2-5 minutes after the
power elliciency transier between the transmission coil and
the recerving coil drop below the first predetermined thresh-
old.

4. The system of claim 1, wherein the second mode alert
1s generated 1n the second mode after a second predeter-
mined period of time after the first predetermined power
source threshold 1s reached.

5. The system of claim 4, wherein the second mode alert
1s generated 1n the second mode less than 30 seconds after
the first predetermined power source threshold 1s reached.

6. The system of claim 1, wherein the external controller
turther includes a display.

7. The system of claim 6, wherein the display includes at
least one of the group comprising of a {first notification
associated with the first mode alert and a second notification
associated with the second mode alert.

8. The system of claim 7, wherein at least one of the group
comprising of the first mode alert appears on the display
when the first predetermined threshold 1s met and the second
mode alert appears on the display when the first predeter-
mined power source threshold 1s met.

9. A method for minimizing misalignment notifications
for a transcutaneous energy transfer system (“TETS”),
including an implantable blood pump, an external controller
having a power source and a processing circuitry, a trans-
mission coil in communication with the external controller,
a receiving coil configured for transcutaneous inductive
communication with the transmission coil, and an 1mplant-
able controller in communication with the receiving coil and
the implantable blood pump, the implantable controller
having a power source configured to receive power from the
receiving coil, the method comprising:
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operating i a first mode where a first mode alert 1s
generated when a power efliciency transfer between the
transmission coil and the receiving coil 1s below a first
predetermined threshold; and

operating 1n a second mode where a second mode alert 1s

generated when the power remaining in the power
source for the implantable controller 1s below a first
predetermined power source threshold, wherein the
second mode 1s configured to 1nhibit at least the first
mode alert of the first mode and the first mode 1is
configured to inhibit the second mode alert of the
second mode.

10. The method of claim 9, wherein the first mode alert 1s
generated 1n the first mode after a first predetermined period
of time after the power elliciency transifer between the
transmission coil and the receiving coil 1s below the first
predetermined threshold.

11. The method of claim 10, wherein the first mode alert
1s generated 1n the first mode between 2-5 minutes after the
power elliciency transfer between the transmission coil and
the receiving coil drop below the first predetermined thresh-
old.

12. The method of claim 9, wherein the second mode alert
1s generated in the second mode after a second predeter-
mined period of time after the first predetermined power
source threshold 1s reached.

13. The method of claim 9, wherein the second mode alert
1s generated 1n the second mode less than 30 seconds after
the first predetermined power source threshold 1s reached.

14. The method of claim 9, wherein the first mode alert 1s
disabled 1n the first mode when the external controller is
configured to operate in the second mode.

15. The method of claim 9, wherein the external controller
further includes a display.

16. The method of claim 15, wherein the display includes
at least one of the group comprising of a nofification
associated with the first mode alert and a notification asso-
ciated with the second mode alert.

17. The method of claim 16, wherein at least one of the
group comprising of the first mode alert appears on the
display when the first predetermined threshold 1s met and the
second mode alert appears on the display when the first
predetermined power source threshold 1s met.

18. The method of claam 16, wherein the processing
circuitry 1s configured to operate 1 the first mode for a
predetermined period of time and the processing circuitry 1s
configured to operate 1n the second mode for a different
predetermined period of time.

19. A method for mimmizing misalignment notifications
for a transcutanecous energy transier system (“TETS”),
including an implantable blood pump, an external controller
having a power source and a processing circuitry, a trans-
mission coil in communication with the external controller,
a receiwving coil configured for transcutancous inductive
communication with the transmission coil, and, an 1implant-
able controller in communication with the receiving coil and
the implantable blood pump, the implantable controller
having a power source configured to receive power from the
receiving coil, the method comprising:

operating 1n a first mode where a first mode alert 1s

generated after a first predetermined period of time
when a power efliciency transier between the transmis-
stion coil and the receiving coil 1s below a first prede-
termined threshold:

disabling the first mode alert that 1s generated after the

first predetermined period of time when the power
clliciency transier between the transmission coil and
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the receiving coil 1s below the first predetermined
threshold 1n a second mode; and

generating a second mode alert 1n the second mode after
a second predetermined period of time when the power
remaining in the power source for the implantable s
controller 1s below a first predetermined power source
threshold, wherein the second mode 1s configured to
inhibit at least the first mode alert of the first mode and
the first mode 1s configured to 1nhibit the second mode
alert of the second mode. 10
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